Objective-To test the hypothesis that reduced fetal growth leads to altered plasma insulin-like growth factor-I (IGF-1) concentrations in childhood. Design-A follow up study of 4 year old children whose birth weights were recorded, and of 7 year old children whose weight, length, head circumference, and placental weight were measured at birth. Setting -Pune, India, and Salisbury, England.
size, concentrations were inversely related to birth weight (Pune p=0002; Salisbury p=0003). Thus at any level of weight or height, children of lower birth weight had higher IGF-1 concentrations. The highest concentrations were in children who were below average birth weight and above average weight or height when studied. Systolic blood pressures were higher in children with higher IGF-1 concentrations (Pune p=0-01; Salisbury p=004). Conclusions-Children of lower birth weight develop higher circulating concentrations of IGF-1 than expected for their height and weight. This is consistent with the hypothesis that undernutrition in utero leads to reprogramming of the IGF-1 axis. The increase of plasma IGF-1 concentrations in low birthweight children may also be linked to postnatal catch-up growth.
High IGF-1 concentrations may be one of the mechanisms linking reduced fetal growth and high blood pressure in later life.
(Arch Dis Child 1995; 73: 287-293)
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Recent studies have shown that men and women who had reduced fetal growth have increased rates of cardiovascular disease' 2 and hypertension.3 4 One mechanism proposed as a link between reduced fetal growth and cardiovascular disease is persisting changes in secretion of and sensitivity to the hormones that regulate fetal growth, including insulin and insulin-like growth factor-i (IGF-1).4-6 Low birth weight is associated with an increase of plasma insulin concentrations, and insulin resistance, in adult life. [7] [8] [9] [10] [11] [12] We recently studied glucose and insulin concentrations during an oral glucose tolerance test in 4 year old children in Pune, India, and 7 year old children in Salisbury, England.13 14 Children of low birth weight (Pune) or low ponderal index (weight/length3) at birth (Salisbury) showed evidence of reduced insulin sensitivity. We hypothesised that fetal undernutrition leads to insulin resistance which is present in childhood and persists into adult life. As yet there are no comparable data for IGF-1. We have measured plasma IGF-1 concentrations in fasting blood samples taken during our studies of glucose and insulin metabolism in children, and examined the relationship of IGF-1 to birth weight, and other measurements of body size at birth. We have also examined the relationship of plasma IGF-1 concentrations to blood pressure.
Subjects and methods

PUNE
The study sample was 404 singleton children, born in the King Edward Memorial Hospital (KEMH) during October 1987 to April 1989, weighing more than 2 0 kg at birth, and admitted to the routine postnatal wards (that is, they did not require special care). They were selected using random number tables invited by letter to take part. They were visited at home by a paediatrician or a nurse, who explained the study and obtained consent, and 250 (68%) children agreed to have blood samples taken. A blood sample was taken at a second home visit, in the morning, after the child had fasted overnight. EMLA cream was applied one hour before venepuncture. The child's weight was measured to the nearest 0 1 kg using digital scales, and height to the nearest 0*1 cm using a portable stadiometer (Minimetre).
Blood pressure was not measured during this (7 year) study. We subsequently recontacted the children at the age of 9 years, and the 239 children still living in Hampshire, Wiltshire, or Dorset agreed to have their blood pressure measured. Pressures were measured either at school or at home, in the left arm, using an automated recorder (Dinamap) with the cuff size recommended for the measured arm circumference. After a five minute rest period, with the child seated, three measurements were taken at one minute intervals, and the average used in the analysis. The child's weight and height were measured as before. Ethical permission for the studies was obtained from the Salisbury Health Authority ethics committee. 
IGF-13 SEX, AND CURRENT BODY SIZE
In Pune, the children's ages ranged from 3-7 to Table 3 shows mean plasma IGF-1 concentrations in relation to height and weight, divided by approximate quartiles, for both groups of children and in boys and girls separately. Concentrations were higher in girls than boys (p value for difference: Pune p<0001; Salisbury p=0 5). Concentrations were higher in heavier and taller children of both sexes. Among the Pune children they rose by 13%/kg increase in current weight (95% confidence interval (CI) 9 to 18; p<00001) and by 50/o/cm increase in height (95% CI 4 to 7; p<00001). In a simultaneous analysis of weight and height, both measures were independently related to IGF-1 concentrations (p=001 and 0006 respectively). Among the Salisbury children concentrations rose by 3-2 ng/ml/kg increase in weight (95% CI 2-3 to 4-1; p<00001) and by 1-7 ng/ml/cm increase in height (95% CI 1 0 to 2-5; p<00001). After allowing for weight, concentrations were not independently related to height (p values were <0 0001 and 09 respectively in a simultaneous analysis).
IGF-1 AND BIRTH SIZE
Plasma IGF-1 concentrations tended to fall with increasing birth weight, although the trends were not statistically significant (Pune p=02; Salisbury p=0.06). Birth weight was positively correlated with current weight (Pune p=0-0006; Salisbury p=0 03) and height (Pune p=0002; Salisbury p=002). Table 4 shows a multiple regression analysis of plasma IGF-1 concentrations with birth weight, current weight and height, and sex. In both groups of children, after allowing for current size and sex, IGF-1 concentrations were strongly inversely related to birth weight. Table 5 shows mean plasma IGF-1 concentrations according to both birth weight and current weight. Children who had been below average birth weight and were above average weight when studied had high IGF-1 concentrations. Children of above average birth weight and below average weight when studied had low concentrations. There were no statistically significant differences in the trend of IGF-1 with birth weight at different levels of current weight, nor in the trend of IGF-1 with weight at different levels of birth weight. Trends were similar in both sexes.
Among the Salisbury children, who were measured in detail at birth, IGF-1 concentrations, allowing for current weight, were higher in children who were shorter at birth (p=0 05), those who had smaller head circumferences (p=008), and those who had lower placental weights (p=0 03), but were not related to ponderal index (weight/length3; p=0 7) at birth. Among the 232 children whose gestational age was known, plasma IGF-1 concentrations were not related to gestation, and allowing for gestational age did not diminish the relation of IGF-1 to birth weight (p=0.003), length at birth (p=0.02), head circumference (p=0 04), or placental weight (p=0.02).
IGF-1 AND BLOOD PRESSURE
Among the 4 year old Pune children mean (SD) systolic and diastolic blood pressures were 96 (10) mm Hg and 49 (9) mm Hg respectively. Blood pressure was measured at the age of 9 years in Salisbury (median age 9 3 years, range 8-9 to 9 7). Anthropometric data for the children at 9 years are shown in table 2. Mean systolic and diastolic pressures were 99 (9) mm Hg and 59 (6) mm Hg. As expected, in both groups, heavier children had higher blood pressures. Systolic pressure rose by 1-3 mm Hg (95% CI 05 to 2-0; p=0O001) in Pune and by 0 4 mm Hg (95% CI 0 3 to 06; p<00001) in Salisbury, for each kg increase in current weight. Systolic pressures were also higher in Height, weight, and birth weight standardised by subtracting their means. Thus constant=predicted IGF-1 (logIGF-l in Pune) for a boy of average height, weight, and birth weight.
taller children (Pune p=0O0006; Salisbury p=0 0007), although not independently of weight. Trends were similar for diastolic pressure, though weaker. There was no statistically significant relation between blood pressure and birth weight in either group of children. After allowing for current weight, systolic pressure fell by 0-6 mm Hg (95% CI -4-4 to 3-1; p=0-7)/kg increase in birth weight in Pune, and by 0 5 mm Hg (95% CI -2-6 to 1-6; p=0-6)/kg increase in birth weight in Salisbury.
Children with higher IGF-1 concentrations had higher systolic blood pressures (figure). Among the Pune children, systolic pressure rose by 2-2 mm Hg as plasma IGF-1 doubled (95% CI 0 5 to 3*9; p=001). Among the Salisbury children, systolic pressure at 9 years rose by 3-2 mm Hg (95% CI 0-2 to 6-3; p=0 04) for each 100 ng/ml increase in plasma IGF-1 concentration at 7 years. The association of systolic blood pressure and IGF-1 concentrations was not statistically significant in a simultaneous analysis with current weight (Pune p=0-2; Salisbury p=0 7). IGF-1 concentrations were not related to diastolic blood pressure.
Discussion
Consistent with the findings of others,2' and in both groups of children studied, those who were heavier and taller had higher plasma IGF-1 concentrations ( Another possible explanation for the higher concentrations in lower birthweight children is that they are mediated through growth hormone. Growth hormone becomes a major regulator of IGF-1 after birth. It stimulates synthesis and release of IGF-1, and IGF binding protein 3, which prolongs the survival of IGF-1 in circulation.40 Low birthweight babies have been shown to have high basal growth hormone concentrations and an increased growth hormone response to growth hormone releasing hormone.31
In our study the highest plasma IGF-1 concentrations were found in children who had the lowest birth weights but had attained the highest weights or heights when studied (table  5) . The increased IGF-1 concentrations in low birthweight children may be linked to the process of catch-up growth, which occurs during infancy in many babies whose growth was reduced in utero. Catch-up growth is 38 (14) 52 (19) 53 (14) 75 (10) 51 (57) s3-0 100 (14) 117 (10) 130 (11) 138 (14) 121 (49) >2-5-2 75 30 (10) 51 (14) 68 (8) 57 (12) 49 (44) >3-0-3-3 100 (24) 110 (17) 131 (13) 150 (12) 118 (66) >2-75-3-0
36 (12) 40 (20) 42 (10) 78 (14) 46 (56) >3-3-3-6 99 (10) 104 (16) 130 (18) 144 (10) 119 (54) >3-0
28 (5) 38 (8) 48 (14) 48 (16) 43 (43) >3-6 103 (9) 108 (20) 109 (20) 125 (26) weight.2i 44 45 In our study, IGF-1 concentrations were higher in girls than in boys, the difference being more marked, and statistiiced by prenatal growth,4' 42 and by a cally significant, in the 4 year old Indian er of postnatal factors, especially nutri-children. European studies consistently report )uring their first year, low birthweight higher concentrations in girls compared with whose growth catches up have higher boys, despite their smaller size, although the IGF-1 concentrations than those who differences are not significant.446 We have )t, although concentrations do not no explanation for the stronger sex difference I those of higher birthweight babies of among the Indian children. lent infant size. 43 We do not have We did not find the inverse relationship of growth data for our children, and systolic blood pressure with birth weight in only birth size and current size are the 4 year old Indian children that has been it is not possible to conclude whether found in European children of similar age,47
;her IGF-1 concentrations are due to a and in the Salisbury children when studied at nation of small size at birth and large 4 years.i5 In European studies this relationit size, or to catch-up growth during a ship becomes evident after infancy, disap-I period in infancy. Further study is pears during puberty, and grows stronger with ed of IGF-I concentrations during and increasing adult age.48 The relationship may atch-up growth.
be absent in the Indian population studied, or h IGF-1 concentrations in low birth-the age at which it appears may differ. We children may be analogous to the plan to measure blood pressure in the same insulin concentrations found in low group of children at a later age, and are cur-,eight adults.7-i2 The high insulin rently studying blood pressure in Indian itrations in adults reflect insulin resis-adults. The non-significant relationship of and occur in men and women who systolic pressure to birth weight at the age of 9 hin, having a low ponderal index, at in the Salisbury children is consistent with the Length at birth was not available for findings of the Brompton longitudinal study dian children in our study, but higher of blood pressure in children.49 Systolic presconcentrations in the Salisbury sure was significantly inversely related to birth -n were associated with shortness at weight at the age of 4 years, but the relationand not with low ponderal index. This ship was weaker, and not statistically signifits that the pattern of fetal growth cant at 9 years. This may be because the Lted with altered IGF-1 concentrations children were approaching puberty, during which the tracking of blood pressure is known to be perturbed. 48 In both groups of children plasma IGF-1 concentrations were positively correlated with systolic blood pressure. We do not know whether this is just an association mediated indirectly through current body size, or whether it reflects a biological interaction between IGF-1 and systolic blood pressure. Lever and Harrap have suggested that growth factors which determine somatic growth also determine blood pressure in childhood,50 and that essential hypertension may be initiated by the action of growth factors on blood vessel development during childhood. IGF-1 is thought to be important for the growth of blood vessels, and is mitogenic for vascular smooth muscle cells in culture. [51] [52] [53] In conclusion we have shown that, after allowing for current size, 4 year old Indian children, and 7 year old British children, of lower birth weight have higher circulating concentrations of IGF-1. At present the mechanisms responsible for this, and the possible consequences on cardiovascular development are unknown.
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